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(54) Multiplication circuit using col- 
umn compression 

(57) A high speed parallel operation, 
multiplication circuit has multiplier mul- 
tiplexor components 101-104, column 
compressor components! 1 1-1 1 8, and 
arithmetic units 120-123 which perf rm 
addition operations to provide a resul- 
tant product. The multiplier multiplexor 
components 101-104 may be im- 
plemented using a modified Booth's 
algorithm and generate, in parallel, an 
array of partial products in a single 
operation time, and the column com- 
pressor components 1 1 1 -1 1 8 operate to 
process every column within a single 
operation time whereby every input 
creates an output in essentially the 
same propagation time, i.e., true para- 
llel operation requiring preferably no 
more than an average column propaga- 
tion delay time. 
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Certain of the mathematical formulae 
appearing in the printed specification 
were submitted in formal form after the 
date of filing. 
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SPECIFICATION 

Multiplication scheme using column compressors 

for an arithmeticdevice for performing high speed 
The speed at which calculations mav b ° P°£^^^ typically requiring a 

same time. arlthm , tlr devices is more complicated than addition, the speed 

15o ?h e a7r C u^^ 

20 

rt7eSdamu.tip.ier having thespe^ 

Other multiplication schemes have also ^ en ;" C °' P t °^ logic need only perform two 

have wherein the two operands were manipu late ^SSSSSSJS^ wherein a continuous 
squaring functions followed by a subtraction ; and ^^ b ^^3ta«lon was performed on each 
25 s Lm of operands wasfedintoap^ 

pair of operands on success.ve "PJJ^Jg^.i^ng speed required of the subject invention, 
of these schemes, however, provided a mult p Jjwrth • proo ess B v ^ Vq| 4 part 

A.D. Booth published "ASignedBmaryMu^ 
2, 1951 , which has become known as ^•^g^ZSm provides for a uniform shift method which 

*To^»^ 

look-.h..d«™ct U r.is.mploved»"c^^ 

BoMo Vol. 14. No. 1. Jun. 1971, "P.n»J ^^^^^^^SLVto* P«lod.1o ochlov. . 
Addltloos." However, tho circuit Mught bv Singh M al is serial in m»u . 

"SdSS™",^ „^„ (M ,erm U lop l icooonolcc U n«,.n Connor from. ho pno, 

55 m0 n lithlc, large scale, integrated circuitry. 

Summary of the Invention ahiahsoeed parallel peration, multiplication circuit 

The objectives of this invention are achieved m a high ^speed, para integr ated circuitry, 

which may be implemented in current mode £^^£5 £ r duct8 *f 0 rmed from multiples of the 
60 A multiplier multiplexor may generat ^SaZ!SSS^ °" the number of binary ones in the 
- «ii~nH wherein the number of rows in the array is depenooni ^ ^ ^ ^ aXDreasJon 0 f 



40 

45 art. 
system 
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successively smaller arrays, reducing the number of rows until only two rows remain. Compression may be 
achieved for each column, and concurrently with the other columns. 
A carry-look ahead adder may op rate upon the remaining two rows to provide the c mplete product. 

; Description of the Drawings ( 5 

The advantages, principles of operation and special features of this invention may be readily understood 
from a reading of the following detailed description of the invention in conjunction with the accompanying 
drawings in which like numerals refer to like elements and in which: 
Figure 1 is a circuit diagram of an 8 bit x 8 bit multiplication circuit embodying the invention. 
Figure 2 presents a circuit diagram of a single multiplication multiplexor shown in broken representation , 0 
as to duplication of identical elements, a plurality of which multiplication multiplexors are found in the circuit 
of Figure 1. 

Figures 3, 3A and 3B comprise a circuit diagram of a single column compressor, a plurality of which 
column compressors are found in the circuit of Figure 1 . 

15 

Detailed Description of the Invention t . 

A high-speed binary multiplication circuit is implemented in median scale integration current mode logic. 
An unsigned integer multiplication circuit, Figure 1 , for handling an eight bit multiplier 1 08 and an eight bit 
binary multiplicand 106 is implemented on two I.C. chips. The multiplication scheme of this invention 
90 operates to obtain a final product 1 1 0 in essentially two operations. In the first operation, a set of addends is 20 
obtained, being the partial products of the eight bit multiplier 108 and the eight bit multiplicand 106. In the 
second operation the set of addends is reduced to a sum equaling the final product 110. Product 110 is a 
sixteen bit binary number. 
The numerical partial product set (matrix array) is generated in a partial product array comprising four 
25 identical multiplier multiplexor components 101, 102, 103. 104 of a type available from Burroughs 2 5 
Corporation, part number ECML-2M31. Figure 1 shows the partial product array operating upon eight bit 
multiplicand 106 represented by X 0 through X 7 , wherein Xo is the least significant bit; and an eight bit 
multiplier 108 represented by Y 0 through Y 7 , wherein Y 0 is the least significant bit. 
Each of the multiplier multiplexors 101, 102, 103, 104 generates two-times, one-times, or zero-times the 
•jo multiplicand 106, in true or complemented form corresponding to the value of the particular three bits of 30 
multiplier 108 or its inputs "Y-1," "YO" and "Y1" inputs. The additional input "P" controls the 
complementation of the multiplicand 106 so that each multiplier multiplexor (MM) 101, 102, 103 and 104 may 
work in either the positive (where "P" input = 0) or negative ("P" - 1 ) logic. The Truth Teble I below defines 

the output (as labeled P 0 , P, P 8 ) from each of the multiplier multiplexors 101, 102. 103 and 104 for or given 

35 input signals on its "Y-1," YO" and "Y1"inputterminals. 35 

TABLE I 



40 



45 



50 



40 



„yy, "YQ" "Y-1" "P|" "Ps" 

"P"=0 "P"-1 P»0 P»1 

111 11 1 1 

110 Xi Xi X7 x 7 

10 1 *i X, 5 X ' 45 



X" f _, X 7 % 

010 Xi xi X 7 Xj 

0 0 1 Xi X 7 X 7 

0 0 0 0 0 0 50 



0 



WHERE: 

55 Pi ■ ( PQXi) (Y1Y 0Y-1 +"Y1Y0Y^T) + (Pi©Xm)T1Y0Y-1 55 
+ (P©X,-,)Y1V6Y^T + (P©X^ (Y1Y071 + Y1Y07=i7 

+ Y1Y0Y-1_ _ 

P 8 - (PQX 7 ) (Y1Y0Y-1 + Y1Y0Y^T + Y1Y0Y-1) + (P©X 7 ) 
(Y1Y07=1 + YlYOY-1 + Y1Y0Y-1) + Y1Y0Y-1 



60 



60 



and where 0<i<7. 

Looking to the partial pr duct array (MM 101-104) interconnection, Figure 1, each multiplier multiplexor 
<m i/w im iiu ie «onn«rt«ri for oneratina in oarallel and has its "Xo" input terminal connected in comm 
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input terminal connected in common to the X 3 bit f the multiplicand 106; its "X4" input connected lin 
L™«nM th«x" bit of the multiplicand 106; its "X5" input terminal connected in common to the Xs b.t of 

\TSu\ »nl£d I Z?.5. of .he multiplier 106 end U. -Y1- inpurterminalie conne«ed.o«,.Y,b« 
° MmTXSs "X-1" inputconnected to around. Its "Y-V input connected to the Yi bitof the muhlplier 
10 <hehMMpto1IU. ...... t ectaJ , ogrolJ „ d iB "Y-V' input connected to the Y,bltol the multiplier 

20 1 1 M 18 is an identical component of the type manutacturea J^™"? ™ £ „ M£ , „ „ c .. 

«c°' " "Q " "ns " "DC " "LS," and "EC." . - A , • 

& Illta. it. "C." input connected to Y, bit of multiplier 108 end It* "W.lnput connect* to the P, output 

zso.SVo ^.S- ^ 26 

40theP 0 outputo MM103 the C, i^ 

,„pr, ! Sd,o^.P ! ou,pu,o^ 45 

connected to the P 8 output of MM 101. ^hiia th» "cv f innut isti d to the P« output f 

The"Co"inputofCC116istiedto^ 

MM103.the"C,"inputistiedto^^^^^^ 55 
55 the "Do" input is tied to the P 6 output of MM 104, the u 2 input is u uw 7 

input is tied to the P 8 output of MM 101. UU hii B thB'*C,"inDut is tied to the P« output of 

output of MM 101. p. ftl(tnilt nf mm 104. while the "0," input is connected to the 
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120 121 122 and 123 connected to operate in parallel. Each of the arithmetic logic units (ALU) 120-123 
oerform's a simple addition operation. The ALU's 120-123 are commonly available and herein a type 
manufTctur d by Burroughs Corporation as identified by part number BCML-2M03. Each have rnputs labeled 
a a »<»o " "A, " "Bi " "Aj " "Bj," and "Ci," while having outputs labeled S 0 , 5 1f & 2 , 5>a, ana m>- 
5 TheoutputsofiheALU's120-123connectedinparalleldefmethebitsof 5 

final product out of the multiplier. - 
ALU 120 is shown in Figure 1 as being connected as a carry ripple adder. This was done for simplicity of 

representation. However, in the principal embodiment ALU 120 l is connected as a ^^^^ 
with special carry look generator. ALU 1 20, Figure 1 , has its "Ci input connected to ground, its Bo input 
10 connected to th^S 0C " output of CC 111, its "B^ input connected to the »DS"W^ 10 
input connected to the "DC" output of CC 11 1, the "B 2 " input connected to the ES of CC^2 

»A^"inp U tconnectedtothe"EC''outputofCC111,and"B 3 "inputconnectedtothe'p^ output of CC 11 2. 

The "Co" output of ALU 120 is connected to the "Ci" input of ALU 1 21 , as is the Co output of ALU 121 
connectedtoth^ 

15 12 The"A„" input of ALU 121 is connected to the "DC" output of CC 11 2, while the "B 0 " input is connected to 
the"ES" output of CC112,the"Ai"input is connected to the "EC" output of ^^"g",.. 
connected to the "DS" output of CC 1 1 3, the "A 2 " input is connected to the "DC" output of CC 1 13, the B 2 

o« and the "B a " input is connected to the "DS" output of CC 114. 20 

The Ao input of ALU 122 is connected to the "DC" output of CC 1 14, while the Bo '"P^'f connected to 
the "ES" output of CC 114, the "A," input is connectedto the "EC" output of CC .114, the B, input \m 
connected to the "DS" output of CC 1 1 5, the " A 2 " input is connected to the "DC" output of CC 1 1 5. the "B 2 
Sis^ 

^ and the "Ba" input is connected to the "DS" output of CC 1 16. 25 
25 As for ALU 1 23, its "Ao" input is connected to the "DC" output of CC 1 16. while its "B 0 " input is connected 

tothe%S'^^ . 
connected to^S" output of CC 117, the "A 2 " input is connected to the "DC" output of CC 117/^ 

bit of the product 110. The "Si" output of ALU 120 Js the Pi bit °'^ e ^.""^Jf* »e «»s " "S and Sa" 
outputof ALU i20eretheP 2 andP3bitsoftheproduct110,respectively.The So, Si, S 2 , and s, 
outputs of ALU 121 are the P* P* P 6 , and P 7 bits of the product 1 10, respectively. The So, S„ S 2 , and 
« "S3"outputsofALU122aretheP8,P9.PioandP,,bitsoftheprodurt110,respect.vely.^ 8,. S 2 , 35 
35 Snd "S 3 " outputs of ALU 123 are the P 12 , P, 3 , Pi* and P, 5 respectively, bits of the product A\0. 

As stated above, the multiplier multiplexor section implements Booth's Algonth. This algonthm is based 
on a property of a binary number to be represented as a difference of two numbers of special form. Assume 
that multiplier 108 is given in the form: 



40 



n-l 



2 i m Y y _.,..y,Y^ Then Y can be represented 



r± 2 88 Y n.l Y n-2* , . ,,I l l O 
1^0 n-l n-l 

45 



as the difference Y = U-V, U = __ 



7^ L v 1 • Ve S v i zi 

A — - — 4 _n 



40 



45 



50 where u, -|y, - Y.-i,|if V. - Y<-i <0 - and 50 
0 otherwise; and v, =|yi - Yi-i|lf Yi - Y1-1 0 

and 0 otherwise. etatPd as - v»io00000000- 0000000100. Thus a string of 

c«,«« am nip ifY = 0111 111100, then Yean also be stateo as. t luvwwv 55 

The multiplicand X in the example above, must be a JJ^; n a ^ nate w Extending the Booth's algorithm to 
subtracted for every 1 in V. However, additions anc ^^S,^?^ol^ 
three consecutive binary positions Y,_i and Y, + ,. The tonowing 
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TABLE II 
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OPERATION 




5 0 
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Add zero to partial product 
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Add multiplicand to partial product 
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Add multiplicand to partial product 


10 


10 

1 
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Add 2 times multiplicand to partial product 
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1 


Subtract 2 times multiplicand from partial product 




15 1 
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Subtract multiplicand from partial product 
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ID 
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Subtract multiplicand from partial product 
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Subtract zero from partial- product 


20 



35 



^^sk-h in TahiP II ataove are made possible with the implementation of the hard 
Multiplier multiplexor's 101, 102 103 and IMh deacni dm aD ™« 8 . .. .. w and a 25 

3„ the output bits Pithrouoh P* Cono.ct.0 to <«* I of*. Inputt ^^i^ nirted output As 

^^^^^ 

4o -^wpffig^^ 

60 outpjc nns^incommoo.toe*.,..*^^^^^ ^puttoth. 
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the gate 232, while the non-inverting output from the gate 21 2 is connected to a first inverting input to the 

gate 234 and a first inverting input of the gate 237. The non-inverting output from the gate 21 3 is connected 

to a first inverting input of the gate 234 and a first inverting input of the gate 237. 
The inverting output from the gates 214 and 215 are connected in common and to a first inverting input of 
5 the gate 238 as well as to an additional gate out of Figure 2. The non-inverting output from the gate 214 is 5 

connected to a first inverting input of the gate 239 as well as to an additional gate out of the figure. The 

non-inverting output from the gate 215 is connected to a second inverting input of the gate 239 as well as to 

an additional gate out of the figure. 
The inverting output from the gates 216 and 217 are connected in common to a first inverting input of the 
1 o gate 243 as well as a first inverting input of the gate 246. The non-inverting output from the gate 216 is 1 0 

connected to a first inverting input of the gate 244 and a first inverting input of the gate 247. The 

non-inverting output from the gate 21 7 is connected to a second inverting input of the gate 244 and a second 

inverting input of the gate 247. 
Gates 218 and 21 9 have their inverting inputs tied in together and to a first inverting input of the gate 248 
15 and a first inverting input of each of the gates 251 and 253. The non-inverting output from the gate 218 is 15 

connected to a first inverting input of the gate 249 and a first inverting input of each of the gates 252 and 254. 

The non-inverting output from the gate 219 is connected to a first inverting input of the gate 249 as well as a 

second inverting input of each of the gates 249 and 252 and a second inverting input of the gates 254. 
The inverting output from the gate 221 is connected to a third inverting input of the gate 232, as well as to 
20 each of a third inverting input of the gate 237, an inverting input of the gate 242, an inverting input of the gate 20 

247, and an inverting input of the gate 252, as well as, an inverting input of corresponding gates out of the 

figure. . . 

The inverting output from the gates 222 and 224 is connected together and to a second inverting input of 
each of the gates 233, 238, 243, 248, as well as gate 253 and corresponding gates out of the figure. 
25 The inverting output from the gates 223 and 225 are connected in common to a third inverting input of 25 
each of the gates 234, 237, 244, 249 and 254, as well as corresponding gates out of figure. The inverting 
output from the gate 226 is connected to a second inverting input of each of the gates 231, 236, 241 , 246 and 
251, as well as corresponding gates out of the figure. The inverting output from the gate 227 is tied to an 
inverting input of each of the gates 235, 240, 245, 250 and 255, as well as corresponding gates out of the 

30 figure. jf u 30 

The gates 231, 232, 233, 234, and 235 have their inverting outputs connected in common and to an 
inverting input of a driver 261. The inverting output from each of the gates 236, 237, 238, 239 and 240 are 
connected in common to an inverting input of a driver 262. The inverting output from each of the gates 241 , 
242, 243, 244 and 245 are connected in common to an inverting input of a driver 263; while the inverting 

35 output from each of the gates 246, 247, 248, 249 and 250 are connected in common and to an inverting input 35 
of a driver 264; and the inverting outputs from each of the gates 251, 252, 253, 254, and 255 are tied together 
and to an inverting input of a driver 265. The drivers 261, 262, 263, 264, and 265 each have inverting outputs 
and have corresponding counter parts for the circuitry out of the figure. The inverting output from the driver 
261 forms the most significant bit p 0 out of the multiplier multiplexor circuit; while the inverting output from 

40 the driver 262 is the output bit p 2 ; the inverting output from the driver 263 forms the output bit p 6 ; the 40 
inverting output from the driver 264 forms the output bit p 7 ; and the inverting output from the driver 265 
forms the output bit p 8 . Output bits p 2 , Pa, P* and p 5 they are accounted for from similar circuitry out of the 
figure. 

The column compressors 1 1 1 through 1 18 of Figure 1 are each identically constructed as shown in detail In 
45 Figures3A,and3B.CC111 through 118 operate in parallel to perform a manipulation similar to the following 45 
explanation which includes an illustration in Table 111. 

The avoidance of excessive carry-propagation time is implemented by column compression where carries 
are not allowed to propagate until the very last moment Assuming that the sum of 6 numbers is to be 
calculated. This partial product array may, as an illustration, be represented by the array in Section "a" of the 

50 Table III. 50 
Multiple addition as implemented by column compression is achieved by summing independently along 
each column, i.e. counting the number of 1 's in column. Since each column's sum is up to 7, the binary result 
is contained in three bits as shown in Section "b" of the Table III. As an xample, the third least sig nificant 
bit's column contains six Vs. These 1's are added up and expressed in binary form, on a diagonal line 

55 beginning from the bottom upwardly to the right, ending directly under the third most significant column of 55 
Section "a." Here a binary "1 1 0" is written equaling 6. Similarly the number of ones in each of the other 
columns is added and written binarily on a diagonal. A second reduced "array" is written in Section "b" of 
the Table III as a three-row array. 
This operation is performed again and again until the array is reduced to only two r ws which can be 

60 operated upon by a simple adder compon nt. With the illustration of Table III the very next reduction 60 
produces a tw -row array, Section "c." A simple addition provides the output, Section "d." 
(112+143+60+198+255+100+30-898) 
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TABLE III 



2 7 2 e 



10 



15 



20 "d" 



0 
0 



0 
1 
0 
1 
1 
0 
0 

1 

0 

1 

0 
0 

1 



1 

0 
0 

1 

1 
1 

.0 

0 
0 

1 



0 
0 



2* 2 3 2 2 2 1 2° 



0 
0 
1 



0 
0 



1 
0 

1 

0 

1 

0 

1 

0 
0 

1 



0 

1 
1 

0 

1 

0 

1 

0 

1 
1 



0 
0 



0 

1 
1 
1 
1 
1 
1 

0 
0 
0 



0 
0 



0 

1 

0 

1 
1 

0 

1 

0 

1 



0 

1 



0 

1 

0 
0 

1 

0 
0 



(112) 
(143) 
( 60) 
(198) 
(255) 
(100) 
( 30) 



(898) 
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20 



25 



30 



35 



40 



£-,«en C d^ 

I, connected 10 the Input of fte dn»« ™ *£'££ 0-d ,„ ft. inpu , of driver 304; the 
30the»D,'Mnputl.tiedto.hel«PUt^ 

35 driver 313; and the "Ce" input input 0 f each of N AND gatea 321 and 322 as 

M t.h W n,nn 0 u re 3Ad«vere3«.3 M .od M a. r nn^ 

50 sem^r»endthe petes 320 through^ 

R fenina to Rpure3B ; the dnvera ^Oft 309 end 3W\ "^f^^OlTsoa, end 303 end the getee 320 

second tankoflieegetee Is udlized to perto^^ 

.„ ft. petes 360, 361.362. 363.364. 366 3M ^367 368.369 rmlnve^ouWutftom 
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50 
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input of each of the gates 364. 365 and 367. While, the non-inverted output from the gate 323 is connected to 
an inverting input of each of the gates 363 and 366. The non-inverted output from the gate 324 .s connected 
t anotheMnverting input of the gate 363 and another inverting input to the gate 366. The non-inverted 
output Ifrom the gate 325 is connected to another input to the gate 363 as well as another mvertins [input to 
5 the gate 366. The non-inverted output from the gate 326 is connected to another inverting input of the gate 5 
363 and another inverting in put to the gate 366. 

The gates 333, 334, 335 and 336 each have the inverted output connected in common and connected to 
another inverting input to the gates 363 and 366. and to another inverting input of the gate 364 .The 
non-inverted outputfrom the gates 333, 334, 335 and 336 are each connected to a drfferent inverted input of ^ 

10 ^Driver 307 has its inverted output connected to an inverting input on each of the gates 363, and 365 as well 
as to an inverting input on another gate 380. The non-inverted output of the dnver 307 is connected to 
anotherinvertinginputofthegate364aswellasaninvertinginputtoanothergate381. 
Gate 380 has another of its inverting inputs connected to the non-inverted output from the gate 366 and a 

1 5 thhd inverting input connected to the non-inverted output from the gate 367. A second inverting input of the 1 5 
gate 38lls connected to the inverted output from both gates 366 and 367 which have been connected 

Tg^e 3B shows an identical circuit interconnection for the gates 34C » 341 .342 343, 344 345, 346 ,350 .351 
352 353 354 355 and 356 and the gates 368, 369, 370, 371 , 372, 373, 374. and 375, respect.vely, as described 

20 abovefn^^^ 20 
§82 and 383 shown in Figure 3B correspond to the gates 380 and 381 , F ig ure 3A, 

Specifically, the gate 382 has a first inverting input connected to the non-inverted output of the gate 374. a 
ScondTnvertins 'input connected to the non-inverted output of the gete 375 and a third inverting input 
c rnnectedtothe inverted output of the driver 314 which isalso connected to an mvertmg inputof bo hthe 

25 S?3 and he gate 371. Gate 383 has an inverting input connected to the inverted output of the gate 374 25 
and the inverted Output of the gate 375. A second inverting input of the gate 383 is connected to the 
non-inverted output of the driver 314 which is also connected to an inverting .nput to the .gate 372. _ 

The gates 380, 381 , 382, and 383 continue the compression process and are joined by gates 384, 385, 386, 
387, 388 and 389 and drivers 390 and 391. The gate 380 has an invert ing .nput connect «f ^ the non - nv e rte d 

30 ou put of the gate 360 and a second inverting input connected to the mverted outputof the j,a * 361 , the 30 
Averted output of the gate 362, as well as, an inverting input of the gate 386 Gate 384 has a Jh.rd mvertrng 
input connected to an inverting input of the gate 385 and the inverted output of the gates 363. 364 and 365 
17ch are connected in common. The gate 385 has a second inverting input c °"" e f o ^ 
output of the gate 361. while a third inverting input is connected to the non-mverted output ° the gate 363. 

35Gate386h^ . fth 

connectedtn common. Another inverting input of the gate 386 is connected to ^ n ^Z^Zol°^ 
gate 363 while a third inverting input to the gate 386 is connected to the non-mverted output of the gate 364. 
A fourth inverting input of the gate 386 is connected to the non-inverted output of the gate 365. 

Sedri^ 40 
40theoutputsfromgates368th^ 40 
385 and 386 regarding interconnection with the outputs from the gates 360 through 365. • 

An Inverted output from the driver 390 and an inverted output from the gate 384 are ^connected in common 
to provide the «'S 2D " output for the CC 111 circuit. The inverted output from the gate 382 and the mverted 
ouSt from the gate 383 are connected in common to become the output "S oc " for the CC 1 11 1 crcuit 
45 Columnrompressorlll input "Soe"* connected toan inverting input of another gate 398 connected .n 
common The non-inverted outputfrom the driver 390 is connected to a second inverting M^tagM 
393 and an inverting input of another gate 396. The inverted om 

common to the inverted output of the gate 337. and to an inverting input of another gate 392 another 
inverted input to the gate 394 and an inverted input to the gate 397. The non-mverted output from the gate 
50 387, is connected to an inverting input to the gate 393 and another inverting inputof tn egate396. 

Gate 385 has its non-inverted output connected to another inverting input of the gate 394 and I an inverting 
input f another gate 397. Gate 386 has its non-inverted output connected to another inverting^ input of the 
ga'te 394 and another inverting input of the gate 397. The inverted output of the gates 385 ^anc .386 ere 
connected in common and to an inverting input of another gate 392. another mverting input of the gate 393 
55 and another inverting input of the gate 396. «t n . n 
Gate 380 has its non-inverted output connected to an inverting input of another gate 403 a .wel as toan 

inverting input of another gate 406. Gate 380 and gate 381 have their inverted •*^n^ t * ater 
and to an Inverting input of another gate 402 as well as an inverting input of an the^ 

inverting input of another gate 407. The non-inverted output from the gate 380 is tied to another inverting 
60 input to the gate 403 and another inverting input t the gate 406. 

The gates 388 and 389 have their inverted outputs connected in common in addition to being connected to 
an «n JTrtino inout of the gate 402. another inverting input of the gate 403 and anotheMnverting mputof the 
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Column compressor 1 1 1 has its "S IB " input connected to another inverting input of the gate 403 and 
another inverting input of the gate 404 as well as an inverting input of another gate 408. 

The inverted outputs from the gate 392, the gate 393 and the gate 394 is. connected J" " 
inverting input to another driver 395. The inverted output from the driver 395 is the Ec output from CC 111 . 

5 The inverted outputs from the gates 402. 403 and 404 are connected in common and to an averting input of a 
driver 405. Driver 405 has its inverted output as the "D c " output from the CC 111. Gates 396 and 397 have 
their non-inverted outputs connected to separate inverting inputs of a gate 399. Gate 399 also has a third 
inverting input connected to an inverted output from a driver 398. Another gate 400 has an inverting input 
connected to the inverted output from the gates 396 and 397 which have been connected in common. The 

10 non-inverted output from the driver 398 is connected to a second inverting inputto the gate 400. Gate 399 
and 400 have their inverted outputs connected together to form the "ES" output of the CC 111. 

Gates 406 and 407 each have their non-inverted output connected to a drfferent inverting input of a gate 
409 The inverted outputs from these gates 406 and 407 aare connected in common to an inverting input of 
another gate 410. Gate 41 0 has a second inverting input connected to the non-inverted output f rom the dnv r 

1 5 408. The inverted output of the driver 408 is also connected to a third inverting input to the gate 409. The 
gates 409 and 41 0 have their inverted outputs connected together to become the D s " output for the CC 1 1 1 . 

The circuit of this Invention provides a very high speed multiplication circuit which operates at speeds 
apparently greater than were previously available. Moreover, this invention has combined a new design for 
a multiplication multiplexor with a new design for a column compressor. The new design for the 

20 multiplication multiplexor includes implementation of a modified Booth's Algorithm which operates faster 
ma previously available. The new column compressor design reduces seven inputs to two output in 
approximately a single average column propagation delay time. No pipeline schemes are utilized and no 
latches between processing elements are needed. 
Since many changes could be made in the above-described apparatus, and many different embodiments 

25 of this invention could be made without departing from the scope thereof, it is intended that all matter 
contained in the above description were shown in the accompanying drawings shall be interpreted as 
illustrative and shall not be taken in the limiting sense. 

CLAIMS 30 

30 

1. A binary multiplication circuit comprising: ■ • 

means for operating upon a binary multiplier and a binary multiplicand for generating a partial product 
array, through parallel operating circuitry, in a single operation time; 
means being responsL to said operating and array generating means for compressing sa d array 
35 gSd wMco^n of each column of the array is accomplished In parallel within a single 35 

° P meirfor m p e roviding a final product by an addition operation upon the compressed array from said 
co^lZg m^L final product providing means being connected to the output of said compressing 

40 The circuit of Claim 1 wherein said operating and array generating means includes a multiplication 40 
multiplexor connected to said multiplier input and said multiplicand input in a parallel operating 

W r^fh?£!ult of Claim 2 wherein said compressing means includes a column compressor connected to 
the output of said multiplication multiplexor in a parallel operating configuration. 45 
45 4 The circuit of Claim 1 wherein said operating and array generating means includes a P^^ol 45 
identical multiplication multiplexors each having correspondingly ids nticahnputs the 
same bits of said multiplicand input and having other inputs thereof connected to differing brts of said 

m 5. tiP Tfte cTcult of Claim 4 wherein said compressing means includes a plurality of identical ^"V™ 
50 compressors connected to the outputs of said plurality of multipHcation multiplexors « , 1 .parallel operating 
configuration, said c lumn compressors operating in unison within a single operating time. 
6. The circuit f Claim 5 wherein said plurality f multiplication multiplex rs includes an implementation 

of Boo^ s Algorithm.^^ ^ ^ ^ p | ura |ity of column compressors each performs a parallel 

55 compression of a plurality of inputs into tw outputs. 

8 The circuit of Claim 7 wherein said plurality of column compressors each includes a plurality of gates 

M . h _ flt _ hauino at least one inverting input and an inverted and a non-inverted output. 

^ Tne cS? ^STiiSSSRur.ilty of multiplied n multiplexors each includes a plurality of 

gates, each gate having an inverting input and an inverted and a non-inverted Output. 
60 10. ThecircuitofClaim9whereinsaid plurality of multiplier multiplexors is four and wher in said 

pluralityofcolumncompressorslseight. j ^ include8fourarithm etic I gicunits 
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illustrated in, the accompanying diagrammatic drawings. 

13. Any features of novelty, taken singly or in combination, of the binary multiplication circuit 
hereinbefore described with reference to the accompanying diagrammatic drawings. 
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